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BACKGROUND 


The jet In a crossflow flow problem Is of Interest In a nunri)er of situ- 
ations from jet-powered V/STOL aircraft to smoke stacks. The available 
Information on this flow. In general. Is discussed In Ref. (1). For the 
V/STOL application, the pressure field Induced on adjacent surfaces Is of 
particular Importance, so there have been a number of detailed experimental 
studies of that part of the flowfleld covering many of the Important vari- 
ables and parameters (see Refs. (2) - (12)). Reviews of the early work can 
be found In Refs. (13) and (14), and a tabulation of all but the most recent 
Information Is In Ref. (15). The jet induces negative (with respect to 
the freestream) pressures on the nearby surfaces, and this results In a 
net loss of lift on the body viewed as a whole. The longitudinal variation 
of the surface pressures Is also Important, since that determines the re- 
sulting pitching moment. 

Until recently, there were four aspects of the general problem that had 
received little or no careful study. The first was the effect of the angle 
of the jet with respect to the crossflow. That Is Important because the 
transition to wingborne operation is commonly accompanied by a change in 
the angle of the jet thrust vector. There are few prior Investigations 
in the literature (see Refs. (8), (11) and (16)). The second item is the 
performance of dual -jet configurations, either in-line or side-by-side. 

The mutual interference as a function of center- to-center spacing is the 
issue here. Again, few references (e.g. Refs. (3), (8) and (17)) exist. 

The third item is the behavior of a jet (or jets) injected from a body of 
revolution as opposed to the large flat plates usually considered. This 


1 


Is of obvious Importance for V/STOL aircraft with lifting Jets In the fuse- 
lage. One can anticipate substantial transverse pressure “relief" around 
a cylindrical body. The only early work was In Ref. (18) which considered 
a case were << That Is not realistic for V/STOL aircraft 

where Dje^/DjjQdy * encountered. The fourth Item concerns so- 

called "real jet" effects. I.e. the effects of non-uniform and/or non-circular 
Jet exhaust profiles. Most practical devices operate In the presence of 
such phenomena and some early studies have shown the Influences to be rather 
large (Ref. (12)). A recent study by the writer and co-workers at NASA. Ames 
has Investigated the first three Items outlined above in some detail (Ref. 
(19)). The current work Is, therefore, aimed at the fourth item above. 

There have also been a number of analyses and semi -empirical analyses 
for the Jet In a crossflow problem (e.g. Refs. (15), (20) - (29) that should 
be mentioned In a discussion of this general flow. None of them, however, 
can presently treat In a fundamental way the combination of two or more of 
the Items described here. Hopefully, the experimental studies proposed will 
aid in the generalization of the existing analyses. 
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PROGRESS REPORT 


Starting In October 1983* the Department of Aerospace and Ocean Engineer- 
ing at VP I has engaged Into a wind tunnel study of dual jets In a cross flow 
using the Dual -Jet Flat Plate Model built at NASA Ames. The study Is aimed 
at exploring the effects of non-uniform jet exhaust profiles on the pressure 
field Induced on the nearby surface. 

In order to fit the 7 ft. -wide NASA model Into the 6 x 6 ft. test section 
of our wind tunnel and to adapt the model to our air supply system, a seg- 
ment of the test-section side wall has been modified so as to allow the Flat 
Plate Model to protrude 1 ft. through a sealed cutout. Fig. 1 shows the 
Dual -Jet Flat Plate Model installed in the test section. 

Each Injector Is supplied with air* from two Independently regulated 
DC-driven blowers; a smaller, 300 cfm blower provides the air for the central 
core of the jet (through a central tube) and the larger, 1400 cfm blower 
provides the air for the outer annulus. By controlling the blower speeds 
and extension of the central tube we can vary the nozzle exit profile over 
a wide range of shapes. This allows us to obtain exit profiles representative 
of various practical installations. Fig. 2 presents examples of exit pro- 
files obtained at 90° Injection angle. 

The basic instrumentation for the present experiments consists of twelve 
48-port Scanivalves, Fluid Wafer Switches and 1 PSIA PDCR 22 pressure trans- 
ducers. All the surface pressure data as well as other measurements necessary 
to define test and flow conditions are recorded and processed by the H-P 3052A 
Data Acquisition System and the HP 9836 Computer. To assure high accuracy, 
the transducer calibration is updated after each Scani valve scan, and stepping 
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from one pressure tap to the next one Is Interactively controlled by the 
computer so as to allow sufficient time for the pressure to fully stabilize. 

The tests completed to data have obtained detailed surface pressure 
measurements for 90® circular Injectors producing exit profiles representa- 
tive of turbofan nozzles (such as TF-34 nozzle). The measurements were 
obtained for both tandem and side-by-side jet configurations, jet spacing 
of S/D ■ 2 and velocity ratios of R » 2.2 and 4.0. Control tests at the 
same mass flow rate but with uniform exit velocity profiles were also con- 
ducted, for comparison purposes. 

Some representative results are given here In Fig. flos. 3 and 4 for 90® 
Injection and R « 2.2. These plots show that the effects of exit velocity 
profile non-uniformity are quite significant. 
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Fig. 1 - Flat Plate Model in the VPI 

Wind Tunnel (looking upstream) 
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Fig. 2 - Typical Exit Velocity Profiles 
Obtainable with Modified 
Injector 
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Fig. No. 3 - Pressure Coefficient Plots for 
900 side-by-side Jets, R ■ 
2,2: (•) Uniform Velocity 
Profile, (•) Non-uniform 
Velocity Profile. 
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Fig, No. 3 - cont'd. 
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F1g, No. 3 - cont'd. 
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F1g. No. 4 - Pressure Coefficient Plots for 
90° In-Line Jets, R ■ 2.2: 

(•) Uniform Velocity Profile, 
(») Non-uniform Velocity 
Profile. 
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1. Problems 


The progress of the Invest Igatlon^has been Impeded during this reporting 
period by the heavy teaching and graduate advising load of the principal 
Investigator. Approval has been obtained to take a leave of absence to devote 
full time to this project for the remainder of the contract period. 

2. Accomplishments 

The thematic mapper scene that Is the most useful In our Investigation ^ . 
Mas received during the reporting period. This Is a scene from path 27, roM 
39 of central Texas (Scene 10 E*40193-I6315, acquired January 25, 1983), 
covering the Malnut Creek watershed east of Austin, Texas. We have studied 
this watershed previously for the U.S. Ari^y Corps of Engineers (Ford, et al., 
1983) using MSS data. We have a substantial collection of. ground truth data 
for this study area. Including color Infrared aerial photography, US6S topo- 
graphic maps, and the results of manual and computer classification studies. 

We have made a preliminary study of a 1024 by 1024 subscene of this 
Image, centered on Austin, Texas* The ranges of Intensity values in all of 
the TM bands were found to be suAa4aa(1ally greater than those we had 


obstrvtd In tht other TM Inagt ivaliiblt to us, e February 2, 1983 acquisition 
: cantered naar.Sacranento, California, Since both of these leaget Mere w 

acquired during the winter Months, the low sun angle would be expected to 
produce low dynamic ranges. However, we are unable to provide an explanation 
at to wt^ there Is such a disparity between the two Images, acquired just 
seven days apart. Me observed a 50% Incrcase-ln standard deviation In the 
Intensities In bands 1, 2, 3, S, and 7; no change In band 4; and a 2S% de- 
crease In band 6, The decrease In the thermal band Is probably due to the low 
percentage of water In the Texas Image, Due to tlwi heavy rainfall In 
California ^rlng the 1982-83 winter, the study area of Interest to us on the 
Sacramento Piver was extensively flooded on the date of acquisition of the 
Image and we are unable to perform a classification study on this Image. 

White the late January date Is not the optimum for a classification study of 
the Walnut Creek watershed, an Interactive analysis of the Image shows that 
the major land use classes exhibit spectral separation. 

Principal components transformation has been applied to the Walnut Creek 
subscene to re(hice the dimensionality of the multi sp^tral sensor data. The . 
results are summarized in Table 1. For comparison purposes, we have also 
applied this transformation to a Landsat 3 NSS subscene of the same ar^a. The 
ItSS scene was acquired In a different season and year (May 1978), but the 
results, as summarized in Table 2, allow for comparisons between TM and MSS 
data. 

The correlation matrices Indicate the pairwise correlation of the 
spectral components. The TM correlation matrix shows that visible bands 1-3 
exhibit a high degree of correlation. In the range 0.92 to 0.96. While It 
might be expected that the reflective Infrared bands 4, 5, and 7 would be 
highly correlated, this is only true for bands 5-7, where the correlation Is 
0.93. Band 4 Is not highly corfelated with any other band, with correlations 
in the range 0.13 to 0.52. Similarly, the thermal band 6 is not highly 
correlated with other bands, with correlations In the range 0.13 to 0.46. It 
should be noted that bands 1-3 exhibit a moderate degree of correlation with 
bands 5 and 7, with correlations In the range 0.63 to 0.83. These results are 
significantly different than those we reported for the Sacramento subscene In 
our project report for the period June 3, 1983 to September 3, 1983. This Is 
a further Indication that the Sacramento scene Is not representative of data 
from the TM sensor. 

The MSS correlation matrix shows that the visible bands (4 and 5) are 
highly correlated (0.96), as are the reflective infrared bands (6 and 7), 
with a correlation of 0.92. On the basis of this comparison between TM and 
MSS data, we are unable to support the expectation that there would be lower 
correlation among the TM spectral components than has been observed for the 
NSS spectral components. 

The principal components transformation matrix is composed of the normal- 
ized eigenvectors of the covariance matrix ordered by eigenvalues. Tht 
weights used to generate a transformed component are given in the columns 


